Aim of the study. To determine the level of technical efficiency of gymnasts from the youngest sports category in elementary floor exercises.
Introduction
Artistic gymnastics is considered a discipline that involves a limitless richness of movement. This is due to not only a large number of exercises and potential combinations, but also to the structural complexity of many elements of the discipline. Meinel and Schnabel [1] , Raczek [2] , and Raczek et al. [3] state that movement structure is the primary component in the classification of movement characteristics. Movement structure encompasses the organization (ordering) of key motor elements (phases or parts) within an entire motor action. Biomechanical descriptions of gymnastic movements are accompanied by a precise delineation of phases and their boundaries based on characteristic and appropriate (from the viewpoint of laws of physics) properties of motion. Scientific research on the subject is increasingly considered more important for the training of gymnasts [4] .
In artistic gymnastics, competition is based on performing and combining individual exercises into routines according to international technical and aes-thetic requirements [5] . Every deviation from the preferred model decreases the final score. While we do not doubt that psychological, endurance-based, and tactical preparation -all of which form the comprehensive training of a gymnast -are extremely important in ensuring progress in training as well as rational and informed sports competition, we consider technical preparation to play a considerable and primary role on the path to championship in artistic gymnastics [6, 7] .
A review of scientific literature shows a lack of comprehensive analyses of the level of technical efficiency in exercises of young gymnasts. Researchers often prefer to focus on issues related to the management of physical fitness rather than technical efficiency [8, 9 , and others]. Lacordia et al. [10] propose that such a state of affairs is likely due to methodological difficulties: performing a quantitative assessment of technical properties of motion is extremely complicated. Studies most often assess the level of technical efficiency on the basis of performance in competitions. However, the results do not provide trainers with sufficient information on which technical elements should be improved and, more importantly, at what time and to what extent a given gymnast makes technical errors. Moreover, performance during competition can be affected by intentional or unintentional errors on the part of the judge, as confirmed by Ansorge and Scheer [11] , Plessner and Schallies [12] , and Bucar-Pajek et al. [13] .
Gymnasts from the youngest sports category, i.e., boys aged 8 years or younger, learn a vast array of exercises that form the foundations of their sports development [6] . These exercises include forward and backward rolls in different positions, which serve as a perfect introduction to tucked, piked, and front somersaults. Conversely, mastering the cartwheel is the requirement for learning the round off. One of the crucial basic elements in gymnastics is the handstand, which enables the trainee to perform various exercises in every event within artistic gymnastics [14, 15, 16] . Even the youngest gymnasts are required to learn all phases of the exercises in a thorough and error-free manner. This is because an error that occurs in one phase will negatively influence the next phase or even all subsequent phases, as pointed out by Marinsek and Cuk [17] . A technical error that becomes a motor habit may in extreme cases prevent progress in learning more advanced elements. Due to the aforementioned factors, technical supervision should aim to spot errors in individual exercise phases, especially in key components. This would allow trainers to select and implement appropriate corrective measures that should lead to a rapid improvement in the quality of the performed motor actions within the given phase. Such technical supervision may prevent the gymnasts from acquiring incorrect motor habits. It seems that analyzing video footage of exercises with clear divisions into phases can help experts in artistic gymnastics to successfully supervise technical effectiveness in beginner as well as advanced gymnasts. The obtained results will provide the gymnasts with information about the important aspects of performed exercises. The results will also help trainers and judges of artistic gymnastics to evaluate exercises in a precise and objective manner.
The aim of this study was to assess the level of technical efficiency of performing floor exercises in gymnasts from the youngest sports category. The assessment was performed on the basis of exercises divided into phases. Phase boundaries were defined in such a way that allowed experts in artistic gymnastics to easily distinguish the phases.
We took care to ensure that the results of this study could be used as a training material that would enable the development of appropriate methods and means of improving the quality of exercises performed by the study participants.
Material and methods
Study participants comprised 12 boys who trained in artistic gymnastics in 4 gymnastic clubs of the Małopolskie Voivodeship Gymnastics Association (AZS AWF Krakow, UKS "Korona" Krakow, KS Korona Krakow, and UKS Gimnazjon Wieliczka). The participants were aged 7 and 8 years and therefore belonged to the youngest category in artistic gymnastics in Poland. Furthermore, each participant was required to have an up-to-date medical examination, consent of their parents or legal guardians for participating in an assessment of technical preparation using camera footage, and a minimum of 1 year of experience in training. In addition, participants had to have participated in the Interprovincial Junior Championships in Men's Artistic Gymnastics, which took place between 15 and 17 April, 2011, in Krakow (participation in the Championships required prior qualification). Study participants achieved top positions in the final ranking of the Championships.
The boys underwent assessment of technical effectiveness in terms of six floor exercises. The assess-ment used the test proposed by Kost et al. [18] , which involves elementary exercises that play a crucial role in artistic gymnastics training. In this study, we divided the assessed exercises into phases. Table 1 shows a detailed structural division of the assessed exercises in terms of the technique of execution.
Prior to the assessment, all participants participated in a warm-up session. Next, they were instructed on testing procedures and exercise techniques. Initial and final exercise positions were also explained in detail. The boys were allowed to perform each floor exercise 3 times before the actual test. Abbreviations: AA -arms; L -leg; RL -right leg; LL -left leg.
The performed exercises were registered using a Canon DC211 digital camera. The acquired footage was used in further assessment of technical performance in these motor tasks. Three experts in artistic gymnastics conducted a detailed analysis of the footage. Each expert was a licensed Polish Gymnastics Association (PZG) judge as well as a trainer within the discipline. During the test, the experts performed functions associated with the so-called "E" board of judges, whose task it to spot errors in the observed exercises and to ascribe point values to these errors [5] .
During the test, participants performed each exercise 3 times; the best result was subjected to a detailed analysis by the experts. The best result of the 3 was chosen by the experts themselves. The experts conducted further analysis on their own, taking into account our division of the motor tasks into phases. Each expert was required to provide a description of the characteristics of the observed errors.
The quality of performed exercises was assessed on the basis of execution errors. The errors were categorized as follows: minor error = 1 point; medium error = 2 points; major error = 3 points; if a participant failed to execute a given element, the experts ascribed 20 points, according to the instructions provided by Kost et al. [18] . The final result of this analysis was the median out of the three point values given by the experts for each observed error. A characteristic feature of the applied test is that scoring takes into account not only guidelines for judges of artistic gymnastics but also other errors that significantly affect the process of gymnasts' technical training.
Data analysis
The level of technical effectiveness in individual exercises was calculated by summing up the point values ascribed by the experts for each error in each of the exercise phases.
In this study, we also determined a synthetic indicator of technical efficiency in floor exercises for each study participant. Sums of scores for each of the 6 exercises were used to calculate the indicator.
The assessed variables were presented on the basis of descriptive statistics: median (Me), quartile deviation (Q), lower quartile (Q1), upper quartile (Q 3 ), positional coefficient of variation (V Q ), minimal value (min), and maximal value (max).
The Statistica software (version 10) was used for statistical calculations.
Results
Expert analysis showed that during the course of training, each youngest-category gymnast had successfully learned the exercises included in the technical efficiency test. However, the boys' execution of these exercises varied, as indicated by appropriate numerical values ( Table 2 ). The experts observed that the greatest number of technical errors occurred in the forward roll onto arms and the left leg cartwheel, where the median of ascribed point values for errors was Me = 5.50 pts. On the other hand, the boys performed the best in the backward pike roll with arms and legs straight (Me = 3.00 pts). The obtained coefficient of variation indicated considerable differences between participants in the level of mastery in the assessed exercises. All values of the coefficient are equal to or greater than 50%; the greatest observed value corresponded to the backward pike roll with arms and legs straight and amounted to V Q = 91.67%. The level of mastery in the assessed exercises, as given by the synthetic indicator (i.e., the sum of scores for all assessed elements) equaled Me = 30 pts. The coefficient of variation for this indicator was V Q = 55%, which confirms that the young gymnasts differed significantly in technical execution of the exercises. Figure  1 shows the values of synthetic indicators achieved by each participant. The highest results achieved in floor exercises amounted to 6 points, while the worst results achieved amounted to 64 points. Table 3 shows scores given by experts for the forward roll onto arms with a brief description of observed All participants made at least one error in the backward pike roll with arms and legs straight (Table 4) . Three participants achieved the lowest value of errors in this exercise (2 pts), while the worst technical execution was given a score of 14 points. Six participants made no errors during the first phase (approach to pike phase). The rest of the participants bent their knees and/or supported themselves against the floor with their arms during the approach to pike phase. Three different errors were observed in the backward roll phase. A majority of them corresponded to bent elbows (only 1 participant did not bend his elbows). During the approach to the final position phase 5 boys bent their knees.
Scores given for the right leg and left leg cartwheel indicate that only 1 participant (No. 7) was able to perform both exercises without errors (Tables 5 and 6 ).
Ten boys made errors during the right leg cartwheel, while 2 boys performed the exercise correctly. The highest sum of error values was 13 points. It should be noted that as many as 9 participants failed to stay on a straight line while executing the exercise.
One participant performed the left leg cartwheel without any technical errors, while the worst technical execution amounted to 11 pts. Nine participants failed to stay on a straight line during the exercise.
The handstand was also performed with technical errors by all participants. Two participants achieved the best score of 2 points in this exercise ( Table 7) . The highest number of technical errors amounted to a sum of 13 points. Deviations from the proper motor structure during the first and the third phase of the exercise corresponded only to bent knees. The greatest number of errors within the 3 constituents occurred in the static phase of the exercise (maintaining the handstand). The errors related to timing and the position of the body propriate amount of points for his technical error (1 boy was given 1 point; 9 were given 2 points; 2 were given 3 points). ** Leg lifted up to 15° above the hips = 1 point; leg held horizontally = 2 points; leg held up to 15° below the hips = 3 points (if the angle exceeded 15° below the hips, the exercise was considered failed) ** Maintaining the front lever for 2 s = 1 point; for 1 s = 2 points; for less than 1 s = 3 points. If a participant did not maintain the handstand at all, the exercise was considered failed.
No participant performed the front lever exercise without making any errors (Table 8 ). The four best-performing best-performing gymnasts were given a total of 2 points each; the worst-performing gymnasts scored 8 points each. All participants executed the first constituent of the front level (approach to front level position phase) correctly. During the next phase (maintaining the front lever position), all participants failed to lift their leg to an appropriate height, which corresponded to either a medium (2 points) or a major error (3 points). Five boys met the time requirement by maintaining the position for at least 3 seconds. Two boys made minor errors during the third phase (approach to the final position). The error was designated as "heaving" during the approach to the final position.
Description of results
During the assessment, we observed that the gymnasts from the youngest sports category made a number of technical errors in each studied exercise. The presence of these errors indicates the need for further analyses of this kind, which can be conducted during the initial years of training. Such analyses would require cooperation with experts with considerable experience in training and judging (as undertaken in this study) to ensure accuracy, comprehensiveness, and objectiveness of conducted assessments of technical efficiency. Data obtained in this manner will have a significant practical value and should be immediately taken into account on an individual basis during further training. Delayed responses on the part of trainers as well as the marginalization of technical errors made in gymnastic elements negatively affect trainees' further sports development.
This study involved exercises that form the foundations of technical training in artistic gymnastics. Their role in learning more difficult gymnastic elements in later stages of training is pivotal, as indicated by the fact that the Methodology and Training Committee has included them in the list of obligatory gymnastic routines for persons in the youngest gymnastic category [19] . Of course, young gymnasts from all gymnastic disciplines learn a broader range of necessary exercises already during the general preparation phase [6, 10, 20] .
Significant differences in the in the level of technical efficiency in floor exercises were found between the top gymnasts in the Małopolskie Voivodeship Gymnastic Association, even though the boys participated in training, camps, and consultations together. These differences are reflected in the obtained value of the coefficient of variation of the synthetic indicator related to the level of mastery in these exercises, which amounted to V Q = 55%. The value is considerable higher than that obtained previously by Kost et al. [18] , which amounted to V = 38.51%. Kost et al. assessed gymnasts of the same age and in the same voivodeship in 2009. The observed significant differences between the study participants in the quality of execution of floor exercises may be due to an incorrectly conducted gymnastic selection.
During our assessment of technical efficiency in floor exercises, participants performed a forward roll onto arms and a backward pike roll with arms and legs straight. Contrary to our expectations, the front roll proved more problematic than the backward roll. Such a result may be due to the fact that the experts were able to watch the video footage multiple times and that each phase of the exercises was evaluated separately. Surprisingly, as many as 3 boys supported themselves with their hands during the third phase of the forward roll (approach to the final position phase). This is likely because the boys performed the previous phases incorrectly, as technical errors were observed for each of them during both the first and the second stage of the exercise. The first phase (the mid-air phase) of the forward roll should be subject to especially comprehensive technical training, as only 2 participants avoided making errors during the phase. According to Szot [21] , this phase can be improved by mastering the spring and performing rolls onto a set of gymnastic mats or over an obstacle.
In the case of the backward pike roll with arms and legs straight, trainers should pay special attention to the gymnasts bending their elbows during the second phase of the exercise. As many as 11 study participants made this error; for 9 of them, this was classified as medium. This error was due to insufficient speed of performing the exercise or to insufficient flexibility of the participants (related to the forward bending of the torso in the sagittal plane). Backward pike roll onto one's back with arms and legs straight and backward rolls on a ramp should constitute ideal supporting exercises in teaching the boys not to bend their elbows [22] .
This study also involved right leg and left leg cartwheels. The experts observed that the values of technical errors made by 11 participants in the subsequent phases of the right leg variant of the exercise do not match the values in the left leg variant. The same applies to the sums of errors. The results of the cartwheel strongly indicated that completely different difficulties in learning the exercise may occur between the two directions. As a result, other training methods may have to be used to help the gymnasts learn or improve the cartwheel.
The participants performed the right leg cartwheel better than the left leg cartwheel (the difference between median values was 1.5 points). Only 1 participant performed both variants correctly. As many as 9 boys failed to execute either variant in a straight line, as noted in the last phase (approach to the final position phase). The failure to remain in a straight line during the cartwheel was likely due to errors made in the first and second phase. The observed errors and obtained data for the second phases of both variants of the cartwheel lead to the conclusion that transitioning through a handstand proved relatively difficult for the participants, as shown under the "Wrong body position" column in Table  7 . This refers to 6 participants for the right leg cartwheel and 8 participants in the left leg cartwheel. The wrong body posture error can be eliminated or least limited by isolating the phase and using such exercises as handstands with straddle and shifting support from one arm to another (the latter exercise would require the trainer's assistance) [14, 15] . Mitchell et al. [22] also found that some gymnasts may have difficulties with placing their hands on the floor in the correct rhythm (i.e., one hand after the other, instead of both hands at the same time). In this study, 4 participants displayed such a technical error in both variants of the cartwheel.
Based on the results of the cartwheel, it should be noted that performing exercises in different directions during spots training improves motor skills as well as motor coordination (which is extremely important in gymnastics) [23, 24, 25] .
This study required the participants to reach a handstand position and maintain it for 3 seconds as part of the second phase of the handstand. No participant was able to meet this requirement, and only 1 managed to maintain the handstand for 2 seconds, which, according to the rules of the Federation International de Gymnastique [5] , is enough for the performance to be given a perfect score (in terms of timing of the exercise). Most (9) participants maintained the handstand for 1 second, for which the experts gave 2 error points. Learning to perform a correct, several-seconds-long handstand often requires the gymnasts to undergo multistage training, during which they improve their strategy of balancing their bodies and controlling their position. This study has shown that its participants still lack the skill needed to perform a correct handstand. Such a skill involves appropriate wrists strategy and arms control, through which one's fingers apply the correct pressure to the floor [26] . The movements performed during the handstand are difficult to even notice with the human eye, let alone evaluate; for this reason, we did not assess such movements. Of course, the possibility of maintaining a handstand is often affected by incorrect movements, such as bending one's knee joints, ankle joints, or heel joints, or exposing one's shoulders, as observed in the course of this study. Horak and Nashner [27] explain that gymnasts tend to bend the ankle joint during minor and slow heaving of the body, while flexing and extending one's hip joints takes place during major and dynamic displacements of position or in the cases where the surface of support is small (and the ankle joints can still be bent). The first and third stage of the handstand observed in the course of this study only requires aesthetic improvements of movement in some participants.
Among all performed exercises, only the approach to the front lever position phase was executed in an error-free manner. The greatest benefit of the front lever is its influence on a gymnast's sense of balance. Maintaining body balance is one of the most important specific coordination motor abilities in artistic gymnastics [6, 28] . It is also an ability that, in our opinion, should be taught using appropriate methods in all curricula related to comprehensive as well as basic training. The results of this study allow us to conclude that the flexibility component was responsible for the greatest number of errors made during the second phase of the exercise (maintaining the front level position). It should be emphasized that all these errors were at least medium. Therefore, the results constitute a clear indication for all trainers of the need to complement training curricula with appropriate flexibility exercises in order to improve the trainees' performance in this exercise, which depends on the ability to maintain body balance.
This study used a method of evaluating gymnastic exercises that can significantly enrich the notion of complex control in artistic gymnastics, as described by Kochanowicz [6, 29] . We also wish to underline that the results of the assessment of errors and their values in given phases of exercises only constitute a starting point in future actions aimed at improving the long-term training process. 3. Analysis of video footage of individual exercise phases allowed the experts to reliably spot technical errors. The analysis will enable trainers to select appropriate training methods to eliminate these errors.
